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REPLY BRIEF TO EXAMINER'S ANSWER 

Sir: 

This is a reply brief io the Examiner's Answer mailed September 1, 2006. and the 
Supplemental Examiner \s Answer mailed October 17, 200b, in the aho\e-iefereneed application 

Ir is believed that no fee is required with this submission. However, should a fee be 
required, the Commissioner is hereby authorized to charge the fee to Deposit Account No. 50- 

3129, 

{(>) GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

The issue presented on appeal is whether claims 1-3, 5 and 6 are enabled under 35 U.S.C. 
§ 112, first paragraph. 
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(7) ARGUMENT 

Appellants affirm al! of the arguments made in the Appeal Brief, 
(a) The invention 

Osseointegration is a complex process that involves proliferation, migration, attachment, 
differentiation, extracellular matrix synthesis, and, finally, mineralization of thai matrix. 
Differentiated cells originate from "primitive' 1 cells called stem cells, which are piuripotent and 
divide to generate committed precursor cells. After a series of rapid cell divisions, these 
committed precursor cells develop into differentiated cells, wherein a contribution is made to the 
surrounding matrix. Driving this process of cellular development is motility and proliferation, 
which are in turn, regulated by increasing or decreasing gradients of. for example, peptides 
which bind to receptors on the cell surface. The bone trauma generated by implant placement is 
followed by clot formation, acute inflammation, recruitment and proliferation of stromal cells 
and their differentiation into osteogenic lineage cells, followed by filling of the defect with bone 
and, finally, mineralization of the matrix. 

Extracellular matrix proteins, especially adhesion molecules, play a role in bone repair 
and morphogenesis. When cells initially encounter a bio-matrix or extracellular matrix 
("ECM"), they will either attach and spread or undergo apoptosis. Adherence to the ECM is a 
receptor-mediated process. Cell surface receptors belonging to the integrin super family are 
recognized as critical players in the adhesion to the ECM and are intermediate messengers 
relaying signals for events such as contact, anchorage, and differentiation. Proteins such as 
ostcopontin or peptides derived from osteopontin, which bind to these receptors, can therefore 
mediate these cellular processes. 

o 
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fhe prnnan challenge faced in the- fabrication of new implants is to increase the rate of 
osj^eoiutegration and the percentage of bone apposition. An enhanced rate of osseointegration 
and/or augmented percentage of bone apposition around implanus increases implant placement 
indications, and expedites loading time. Recent studies have focused on imprm ing 
ossjomtegralion of implants h\ coating the surface with \arious substances including bone 
morphological proteins, with van ing degrees of success. 

The Appellants nave isolated acme osleopontiu peptide fragments that have (i) celi- 
auaehtrknt: ana (2) cell-spread uctis it> . which, when coated on a material suitable for use as an 
nnpluuL can increase cell attachment as well as enhance cell spread. The peptides discovered b\ 
the Appellants help bring ncni cells, precursor ceils, and differentiated colls into contact with the 
material. 1 lies can also function in bringing tissue remodeling cells such as meseneh\ mai. 
macrophages and granulocytes and. in general cells that are involved in osseomiegration, into 
contact, with the implant. 

(h) Rejection of claims 1-3, 5 and 6 I'mler 35 ILS.C §112, first paragraph, 
enablement 

The £(.'«<// Standard for Lnuhletnait 

1 he Court of Appeals lor the federal Circus! v CAl*'C> has described the legal standasd for 
emblement under * 1 1 2. first paragraph, as whether one skilled in the an could make and use the 
claimed invention from die disclosures in the patent coupled with information known in the art 
without undue experimentation. See, e.g.. Am^cn v Hoech->i Marum RousseU 314 F.3d 1313 
(fed. Oh 2003 s ! and Gencmcch lac v ,Vimi h'antisk A'S. 108 F3d at 165, 42 USPQ2d at 1004 
(quoting In n IfWe/?/, «99 F.2d 1557. 156], 27 l'SP02d 1510, 1513 (Ted. Cir, 1993). See also 
hi re Fishf}\ 427 F 2d at 830. 166 USPQ at 24: i niteJ Suiu-s v Tdeamnic\. Inc . 857 F.2d 77K 
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(red. Cir. 198S); and /h ;v Stephens. 529 F.2d 13-13 (CCPA 1W0. The fact that 
experimental ion may he complex does noi necessarily make it undue, if the art Upicalh engages 
in sul h experimentation, A/./ /' r A.B Forda, 774 J". 2d 1 Iu4 (Fed. Cir. 1985). The adequac} of 
,i specification's description is not necessarily defeated by the need for some experimentation to 
determine the properties of a eh timed product. .See Enzu Bivclwm, Inc. v. Gen-Probe Inc., 323 
F3d 95o. 965-<->rio o3 USPQ2d 1 60 L >, 1614 <Fcd. Cir. 2002). In addition, a patent need not teach, 
and rreJ'erahh omits, what is well known in the art. Sec Hybrdcch Inc v. Monoclonal 
Jivihudies. Inc. 802 F.2d 13o7, 1384. 231 USPQ 81, 94 (Fed. Cir. 1986). citing Lmdcmann 
Sfitodvmniabrik GMBH v American Hoist & DorkkCo . 730 F.2d 1452. 1463, 221 U.S.P.Q. 
481. 489 (Fed. Ch, ) 9K4). 1'hus, information that is eomemional ot well -known to one of 
ordnw> skill m [he art need not he disclosed by the specification. 

\\ nether the disclosure is enabling is a legal conclusion based upon several underlying 
factual inquiries. See In n IVanth. 858 F.2d 731. 735. 73fr-737. 8 USPQ2d 140(1. 1402, 1404 
i Fed. Cir. F>88?. As set forth in Wands, the factors to he considered in determining whethci a 
c Sainted invention is enabled throughout its scope without undue experimentation include the 
quantity oi experimentation necessary, the amount of direction or guidance presented, the 
presence or absence of working examples, the nature of the invention, the state of the prior art, 
the re! a live skill of those In the art. the piedictabilitx or unpredictability of the art, and ihe 
breadth of the claims. In cases that involve unpredictable factor.',, "the scope of the enablement 
ob\iousl> varies inverseU with the degree of unpredictability ui'thc factors invob ed." in 'v 
richer. 427 F.2d 833. S3 9. 166 USPQ IS. 24 (CCPA 1970), j he Iact that some experimentation 
is neccssat} does not preclude enablement: what is required is that the amourt of 
experimentation 'must nut be unduly extensive." Ada\ Powder Co.. v E L Da Pont Dc Xctttour.s 
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A ( o. . 7 50 E.2d 15o'A 1576, 224 USPQ 409. 413 (led. Cir.1984). There is no requirement for 
examples. The Supreme Court olso noied that all ol the factors need not be reviewed when 
determining whether a disclosure is enabling In if Amgen, Inc. \ . Chugai Plianu. Co., 927 [' 2d 
1200. 1213. IS USPQ2d 1016, 1027 {Fed. Cir. 1W1J (noting that the Wand* factoid 'are 
illustrative, not mandatory. What is relevant depends on the facts,') As long as the specification 
discloses at least one method for nuking and using the claimed imentiosi that Kars a reasonable 
correlation to die entire scope of the claim, then the enablement requirement of 35 C.S.O. 112 is 
.satisfied, hi re Douglas v. United States 510 f.2d 364: 184 CS.P.Q. 613 (Ct. C1.1975) the 
Court of Claims noted that a patentee cannot "be expected to foresee even technological 
problem that may be encountered in adapting his idea to a particular use. Some experimentation 
and cxcrci.se nf judgment is to be expected, ''Enablement is not precluded by the necessity for 
some experimentation such as routine screening," In ro JVojidw citing to Minerals Separation. 
1 id v Ihde. 242 \ '.S. 261. 270-7] (1Q16), therein the court emphasized that some inventus 
cannot he practiced without adjustments being made to adapt them in the particular context. In 
such a situation, a specification is sufficient, if it gives adequate guidance to one skilled in the art 
on how such adjustments are to be made. 
Analysis 

Claims 1 ,2, 5, and 5 

Claim 1 defines an active osiropontin peptide fragment comprising an amino acid 
sequence selected from die group consisting of SEQ ID NO:7. SEQ ID NO:8, SEQ ID NO:*). 
SEQ ID NO: 10. SEQ ID NO. 31, SEQ ID NO: 12. SEQ ID NO: 13, SEQ ID NO. 14. and SEQ ID 
NO- 15 wherein the peptide binds to at least one imcgrin receptor on a cell surface selected from 
the group consisting of u\ ftf. a\ f35. 4h ! - 2p 1 . VCAM. ICAM CD44, V3Vx 
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An active osieopontin peptide relers to an osienpoutin fragment that possesses at ieast one 
biological activity of naturally demurring osteopontin (see page If. lines 9-1 1 ). Hie biological 
activity of osteopomm that the claimed peptides have includes cell attachment and cell spreading 
acth it\ . ( istcopontiji performs lbc«e biological functions by binding to receptors on the cell 
surface. It is well known in the art that osteopontin binds to more that one iutegrin receptor as is 
exemplified by Hiu et al, J ( 'hem. 270(11 ):26232-38 (19<J5> CHiH {Submitted in the 
Appeal Biien-\ idenee). I lie blast 2 sequence comparison (.submitted with Appeal Brief, a copy 
oi which is attached) shows, tor example, that SEQ ID NO 1 1 and 15 ha^e conserved domains 
similar to osfeepontin. 1 he ability of the peptides recited in claim 1 to bind to at least one 
iniegrin receptor on the cell surface is demonstrated b> the ability of anti-mlegrin antibodies to 
inhibit cell attachment (for example. SEQ ID NO: 15. (fable 8Y>, This example clearly 
demonstrates that the claimed peptides do indeed bind to integrins. 

fhe specific ammo acid sequences of the peptides are disclosed at page 8. lines 7-2b. 
The peptides can be made from osteopomm or using recombinant or synthetic techniques. Ilu.- 
specification on page I L lines Q-l I and on page 12. lines 20-31 to page 13, lines 1-5, discloses 
how osteopontin tan be modified in obtain the claimed peptide*. There ii no legal requirement 
that the claimed peptides bind all intcgrins or all cell types for the peptides to have the specified 
utiihv. i here is no legal requirement for actual reduction to practice. As long as the 
specification disdoses at least one method for making and using the ciairned invention that hears 
a reasonable correlation to the entire scope of the claim, then the enablement requirement of 
35 U..YC. 1 1 2 is satisfied. 

Since the sequences which are responsible for binding as claimed are described, no undue 
experimentation would be required. One skilled in the art would simply make peptides including 
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the claimed sequence, and then verifs the binding properties using standard, routine techniquts 
as described in the application. 

According to the MP HP §2] 64, " fbe enablement requirement refers to die requirement of 
35 I'.S.C 1 12. first paragraph thai the specification describe huw to make and how to use the 
imenttoti. The invention that one skilled in the art must be enabled to make and use is tha* 
defined hy Uic daim(s) of the particular 'Application or patent"*. The issue should therefore 
be whether the specification enables one of ordinary skill in the art to make the active 
osteoponhn AaymenLs comprising the amino acid sequence selected from the group of sequences 
iisied in claim ! . wherein the peptide binds to at least one integrin receptor on a cell surface 
■^elected ih>m the group of receptors listed in claim 1, Therefore claim 1, which recites that 
peptides consisting of Si'Q ID Nos. 7 -15. bind to at least one integrin receptor on a cell surface 
selected from the group of receptors recited in claim I, claim .3 which recites that the peptide 
fragments nf claim 1 bind to at least one integrin receptor selected from the integrin receptors 
listed in claim 3, and claim 5. which recites that the peptide fragments of claim 1 bind to at least 
on integrin on a cell surface, wherein the integrin is selected from the group consisting of the 
integrlns listed in claim 5. are enabled. 

1 he peptide may be used to increase cell attachment to a hiomnleria! and to increase cell 
spreading, fhe specification on page 13. line 1-4 to page 14, line 2 describes how to coax the 
peptides t »n a material, and the types of materials that may be coated (page 10. lines 16-23 and 
page H, lines 22-2SJ. The specilieadun on page 40. lines 4-31. and page 41. lines 1-8. describes 
how to measure cell attachment and cell spreading. rNample 12 shows that the claimed peptides 
increase coll attachment and ceil spreading. 
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The Examiner alk-ges thai the instant invention is drawn 10 ostcoponfiu peptide fragments 
which induce osseohucgrauon on implants into surrounding tissue, and that ihe biological 
junction of ihe claimed peptides is osseointegration, not just attaching and spreading (Emphasis 
added by ihe Examiner). Appellants again respectfully draw the Examiners attention to MFGP 
^2 1 64, which states that "The enablement requirement refers to the requirement of 35 I l.S.C. 
1 12. fiist paragraph iha? the specification describe how to make and how to use the invention. 
I lie invention that one skilled in the art must be enabled to make and use is that defined by the 
ciaim(s) ol the particular application or patent"". Claim 2 defines an active osteoponiin peptide 
fragment comprising the amino acid sequences selected from the group consisting of the 
sequence:? listed m claim 1, which bind to at least one intcgrm receptor selected from the group 
iisted in clam 1. and wherein ihe peptide increases cell attachment and cell spread. As already 
discussed above, the specification is enabled to make the claimed peptide^ which bind to at least 
one iniegiin receptor and increases cell attachment and cell spread. Furthermore, with respect h- 
the Examiner - assertion about the biological function of the peptides. Appellants respectfiilK 
draw the Examiner's attention to the speciticaiion at least at page 1 . lines <-M4. wheiein the 
physiological processes that [cad to successful osseointegration aie discussed, fhe claims define 
peptide^ which have effects on some rf the pits siologieai processes that are involved in 
osseoimegraiion, A definition of osseoimegration as proposed by the Examiner in the 
Examiner's Answer on page 1 1, with added emphasis, suggests that a peptide such as that 
defined by the claims, that increases ceil attachment and spreading would not induce 
osseoiuiegiatiun ol imphuR Tins is actually not the case. 1 he defined peptides would be useful 
in increasing osseoimegration b\ virtue of [he fact that thev can increase cell attachment and 
spreading winch arc biological events involved in osseoimegration ^please see a review of 
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osseointegraiion in O'Neal, et :i\..J Oral Implant.. XVlIi(3):2^13-25>, 1992. submitted with the 
Inhumation Disclosure Statement filed on September 23, 2002, "'CNcd!". a eop> of which is 
attached in an Appendix to this Reply Brief). According 10 O'Neal, "with regard to interactions 
between implants and tibsue, important events include platelet aggregation and wound healing. 
Concurrently, appropriate cells must migrate and attach to the implant site for establishment of 
an implant-tissue interface that is biocompafihle 1 ' (please see O'Neal, page 244), [ hereiore, n<u 
oniy is claim 2, which recites osieopontiti peptide; fragments which bind to at least one integrin 
receptor of the surface of a cell and increases attachment to a material and increases ceil 
>piuiihug, enabled, the claimed peptides would also he useful for the biological process of 
o^-seoinieuiduors 
C (aim f> 

Claim 6 defines an act he osteopontin peptide fragment comprising an amino acid 
sequence selected from the group of sequences listed in claim L wherein the peptide biiuh to at 
ie,i.-,i one integrm receptor on a ceil smiace selected from the ^roup listed in claim I. and wherein 
the tell is selected from the group of cells listed in claim 6. The proper anah sis lor enablement 
■M\iaim it. is whether the specification enables a skilled artisan to make the peptides listed m 
claim I „ which can bind at least one integrin receptor on a cell surface, wherein the cell is 
selected from the cells listed in claim 6. The specification clearly enables a skilled artisan to 
make and use the peptide* as defined by the claims. 

I he specification describes a number of cell types that ma\ be regulated using the aethe 
osteoponain peptides fragments (page K line 29 to page 9, line 2), l.xampte 12 and 1 ;-,ble 8 on 
pages 53-55. demonstrate that plates coated with each of. SE'O It) KO:9. M:Q ID NO: 10. SbQ 
ID NO: II. SHO IDNO:12, Shy ID NO; 13, SHQ ID NO:14 or SEQ ID NO:| 5, bind to <me of 
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those cell types (osteoprogenilor cells). Table 8 shows that SEQ ID NO: 1 5, to be due to 
binding to {lie avp3 receptor. Claim 6 does not require that the peptide bind all the integrin 
recepiors listed in claim I . The claim requires that the peptide bind at least one integrin receptor. 
Appellants have already demonstrated using nothing move than routine methods, the ability to 
determine that an active osteopontin peptide fragment (SEQ ID NO: 15) binds to at least one 
integrin receptor on the cell suriace of osteoprogenilor cells. 

Integrins are the principal receptors on animal cells for binding most extracellular matrix 
proteins, including collagen, fibronecLin, and laminin. They arc found on the surface of 
numerous cell types, as demonstrated by textbooks such as Molecular Biology of the Cell. IV. 
Cells in Their Social Context. 19. Cell Junctions, Cell Adhesion, and the Extracellular Matrix, 
Garland Publishing ('1 994). This fact is also exemplified in Hu and Tuck, et ah J. Cell. 
Biochem., 78:465-75 (2000) ("Tuck") (submitted in the Appeal Brief Evidence Appendix). 
Osteopontin will bind to different cell types that express its receptors. The cells employed by I hi 
are carcinoma cells, whereas Tuck employs epithelial cells. These references demonstrate that 
osteopontin will bind to at least one of its receptors on a ceil expressing the receptor. The claims 
define active osteopontin peptide fragments. The specification at least at page 1 ! , lines 9-11 
defines "an active osteopontin peptide" as an osteopontin fragment that possesses at least one 
biological activity of a naturally occurring osteopontin. such as chemotactic or cell attachment 
activity. The peptides listed in claim 1 are modeled after osteopontin. Osteopontin performs its 
biological functions by binding to its recepiors on cell surface. Appellants showed in "fable 8 
that one such peptide (SEQ ID NO: 1 5) can bind integrin receptors on osteoprogenitor cells. 
There is no requirement that every receptor be tested. Furthermore, the claim requires that the 
peptide bind at least one receptor. Appellants submit that die specification is clearly enabled. 
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'1 he l:\aminer alleges lhai the specification only leaches lhat bone cells (osteopr\>gemlor 
oellpi ha\e osseointegration aotivit} and that the specification and the an of record fail to teach 
that the other cell tspes recited in claim n ha\e osseohuegration aetivit). It is not clear io 
Appellants how this applies to the issue of enablement for claim b, i.e. whether a skilled artisan 
can make the peptides listed in claim 1, that can hind io at least one iniegrin receptor on the 
surtaee of cells selected from the list of cells listed in claim 6. Furthermore, Appellant are not 
exaetis .sure what the hxaminer means by a cell having osseointegrauon acth it>. As is disclosed 
in the specification at least at page 2 t \ lines 3-12, the interaction of maeR>mcleeules (c\U>kines 
and adhesion molecule?, lhat orchestrate the course of wound healing and osteogenesis) with the 
implani surface determines to a measurable extent how well the implant is integrated, h is eiear 
from the diseiLsvion in tire specificati^r} and in O'Neal, that successful osseninteyrafion requires 
both wound healing and osteogenesis. Please sec 1 able 1 in O'Neal fur a listing of cells 
(macrophages, endothelial ceils, epithelial cells, hematopoietic cells, listed in claim o) that 
secrete cytokines necessary for wound healing or bone remodeling, necessary for 
osseohuegration. 1 he specification at least from page 3, line 8, until page 4. line 14. describes 
the reie\ ance of stem ceils, precursor ceils and differentiated cells in ossoeintegration. The 
specification also discloses tissue remodeling cells at least at page 15, lines 10-20. Clearly, all 
the eelLi listed in claim 5 are relevant as far as osseointegration is concerned. 

(e) Summary ami Conclusion 

Appellants maintain that the Hxaminer has proxided onh argument in support of her 
allegation that the claims arc not enabled. 1 ne inxeulion that one skilled in the art must be 
enabled to make and use is lhat defined b> the elaim(s) of the particular application or patent. 
I here is sufficient disclosure in the specification, and coupled with knowledge in the art. a 
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skilled artisan would be able to make the peptides define J by the claims which bind at least one 

integral receptor on a ceil selected from the cells listed in claim b. and increase cell attachment to 

a biomaterial and cell spread as required by claim 2. 

For the foregoing reasons, Appellant submits thai claims 1-5. 5 and 6 are patentable. 

Respectfully submitted, 

/Patr ea I.. Pab st/ 

Patrea L, Pabst 
Reg. No. 31.284 

Date \ r o\ ember L 200b 

I 'AH SI P-VlbNTClROrP LLP 
-100 t,Won> Square. Suite 1200 
1201 Pcuchtrce Street 
Atlanta. Georgia 30361 
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Biological Requirements 
for Material Integration 

Abstract 

he recognition that, synthetic devices can provide functional replacements for failed teeth, or for 
previously edentulous aieas. has resulted In Increased emphasis being placed on understanding 
of thf; interactions between synthetic materials and host, tissues in order for the success of these 
devices to be optimized. A key to achievement of an optimal biological interface between the 
implant and the surrounding tissue is through an understanding of host response to materials. This article 
reviews lire biological requirements for implant-tissue integration, with specific focus on the role of 
adhesion molecules and cytokines (growth factors} in this process. Adhesion molecule /cytokine 
interactions are discussed, and in particular the possible role for osteopontin. an adhesion molecule as 
well as a cytokine, is considered in wound healing. Finally, the causes of peri- imp lan UUs are discussed, 
and methods of decontamination are presented. The decontamination methods focus on enhancement of 
cell adhesion and integration to the altered implant surface. 




Introduction. 

'flit- functional replacement of failed teeth and eden- 
tulous areas was. until recently, relegated to the 
design and fabrication offbaxland removable appli- 
anccs thai, would supplant a functional or aesthetic 
disharmony. Many times, such treatment resulted 
in poor esthetics, limited function, or a lack of 
compliance. In order for these limitations to be 
overcome, a variety of synthetic devices has evolved 
that may be implanted and integrated within the 
masticatory apparatus for symmetry and function 
in the host to be achieved. As a result, implantation 
of synthetic devices has mandated an increased 
emphasis on understanding of the tissue-material 
interactions so that the success of such implants 
can he optimized. For example, in order for an 
optima! biological interface between the implant 
arid surrounding, tissue to be achieved, termed 
osseointegration (Branernark, 1985). the composi- 
tion of the implant must be balanced with the 
surgical procedures necessary for placement and 
tire long-term stresses anticipated during its life- 
time. In addition, several host factors need to be 
considered in order for optimal conditions for place- 
ment and function of implants to be provided (Ziais 
ef at. 1988; Donley and Gillette, 1991: Galante et 
al. , 199 1 ; Jaffln and Berman, 1 99 1 J. Patient medical 
arsd denial history, including die quality of existing 
soft and hard tissues of the oral cavity, must be 

weighed prior to the institution of therapy. Specific 



attention must, be paid and precautions should be 
taken with patients in whom these sequelae were 
the result of rapidly progressive periodontal disease, 
Malosirom et al (1990) indicate that in such pa- 
tients, complications that mimic the primary dis- 
ease might predispose to {.lie failure of the implanted 
device. Consequently, patients with a significant 
history of periodontal disease warrant distinctive 
mechanical and antimicrobial considerations prior 
to the placement of dental implants. Moreover, 
research efforts have centered on the recognition of 
early signs of failure, e.g., peri -implan litis, exces- 
sive functional stress, in order for loss of implants to 
be prevented (Mickey et al, 1991}. 

An index of a successful implant Is the achieve- 
ment of osseointegration between the device and 
surrounding tissues. Osseointegration is defined by 
Branernark (1985) as "direct structural and func- 
tional contact between ordered, living bone and the 
surface of a load-carrying implant". At the micro- 
scopic level, bone tissue is frequently found In close 
contact, 100-900 microns, but not in direct contact 
with the implant surface. Because the establish- 
ment of this zone is critical to the success of an 
implant, significant effort has been focused on de- 
termination of the composition, nature, and proper- 
ties of this interface (Buser ei al., 1991}, Accom- 
plishment of an optimal interface would reduce 
failures that are seen and considered to be the result 
of or related to fracture or enhanced bone resorption 

and fibrous tissue formation. 



Jouimaf of Oral Implantology 243 



The biological requirements for implant-tissue 
integration are discussed in this review, with spe- 
cific emphasis on the possible role of cytokines 
(growth factors) and adhesion molecules in this 
process. The term "cytokine" has been used in 
references io polypeptides synthesized by or acting 
on hematological ceils for the regulation of celt 
growth and differentiation, whereas the term "growth 
factor" has been used for molecules having similar 
activities, but acting and/or synthesized by other 
cell types (Canalis et n.L 1991; Albeida and Buck, 
1990). These terms are used Interchangeably here, 
in addition, the potential for a failing implant inter- 
face io be restored is presented in terms of provision 
of a surface that wilt allow for re- attachment of cells 
at the implant -(issue interface. 

Tissue Healing at the Implant Site 
in order for cells to interact appropriately with their 
environment, they must be able to adhere to sup- 
port trig substrata. Such interactions are important 
to many physiological and pathological events, which 
include platelet, aggregation {Dixit et. at, !9S5; 
Ginsberg et ai. 1985), wound healing (Grinnell, 
! 984}. embryogenests (Boucaut at ai., ] 984 ; Thierv, 
1984). and malignant invasion and metastasis 
(Vaheii and Moshcr, 1978; RuoslahtJ. 1984; 
Humphries et at.. 1986). These events are modu- 
lated through a variety of eeihdar activities which 
include cell-cell communication, cell-substratum 
anchorage-dependent interactions, proliferation, 
migration, differentiation, and matrix synthesis. 
With regard io interactions between implants and 
tissues, important events include platelet aggrega- 
tion and wound healing. Concurrently, appropriate 
ceils must migrate and attach to the implant site for 




Figure 3.. JT»plaat-hosJ: interactions. (A) Implant-prepared 
site demonstrating potential interactions of eztraceUuIjstr 
Ouisi (EC?) &K<S cetiss from swrroundlJng tissues. {Bf 
lafsv.Ti.ioa of jmplsmt khc5 lritcractloti»~of itnplant witis 
ceils/factor* la the loc&i eKviroiMn«nt> fC) Stable borai- 

iraplant environment. (D) PerMmplantUte. 



establishment of an implant-tissue interface that is 
biocompatible. Specific factors are involved in the 
regulation of cells in the local area and include 
cytokines and adhesion molecules. The interaction 
of ceils with a substratum, whether it is an implant 
material or a biological extracellular matrix (ECM), 
will trigger cells to synthesize specific cytokines 
(Nathan and Spam, 1*9911. These cytokines have: 
been shown, subsequently, to regulate the synthe- 
sis of specific adhesion molecules, which in kirn will 
control future cell-cell and eeli-substraiiun (im- 
plant) interactions. 

Initial events at the wound -healing site include 
introduction of the implant to the "extracellular 
fluids (ECF) and cells at the prepared (wound! site 
(Fig. 1. b). It is now recognized that cytokines and 
cell adhesion molecules play a critical "role in deter- 
mining which cells will populate a given area and the 
ability of these cells to react with other eel! types, 
with the extracellular matrix, and with the implant- 
able materials in the local environment. Conversely, 
the local environment and the implant material can 
alter the responses of cells to local factors. An 
additional complexity is that, during the life of the 
artificial device, proteins in the local environment 
may change: that is, certain factors may be ab- 
sorbed from the implant and replaced by other 
proteins at I hat site (Vroman . i 988; Anderson et ai. . 
1990). 

Cytokines 

Cytokines are produced by a variety of cell types and 
have diverse bioaclMties which include promotion 
and/or inhibition of cellular proliferation and differ- 
entiation, depending on the specific cell type. The 
potential importance of these diverse activities has 
resulted in increased efforts at understanding the 
role of specific growth factors as they relate to 
individual tissues. Comprehensive reviews on 

cytokines as they relate to several fields including 

immunology, virology, hematology, and cell biol- 
ogy—are available {Krane et ai, 1888; Wahl ct at. 
1.989: Kaspcrk et at.. 1990; Robinson and 
Quesenberry, 199Ga,b; Nathan and Sporn, 1991; 
Canalis et at., 1991; Mohan and Baylink, 1991- 
Lynch. 1991). 

Table 1 presents a modified list of cytokines that 
may prove Important for the achievement of ad- 
equate implant-tissue integration. Growth factors 
have been implicated as having a role in the process 
of wound healing, in particular, cytokines may 
increase the rate of wound closure, increase the rai c 
of proliferation of fibroblasts and epithelial cells at 
the site of healing, increase the rate of vasculariza- 
tion, and enhance the rate of collagen deposition. 
Many cytokines concentrate in mineralized tissue 
and have been isolated and characterized from 
these tissues, as well as from media obtained from 
bone cells and bone tissues, in vitro. In addition. 
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Platelets 
Endothelial cells 
Macrophages 



TABLE I 
CY TOKINES A ND I MPLAN TS* 

SuggestecTPum :i ion" ' 



Bone remodeling, 
wound healing 



Centre! la et a!., 19S9 
Lynch eieiL. I99ia,b 



Bone /cartilage 



TCiP'-i* super Platelets 
gene faniilv Bone 



BMP-t 

FGF U.i: 



Macrophages 
F.pUhellnl cells 



Si i hniaxf ! larv gl ands 
Platelets 



Hen i a to [j! sic tic origin 

Hematopoietic origin 

H ma topoi c tic origi n 
Hematopoietic origin 



Wound healing, 
bone formation 



Wound healing, 

bone homeostasis, 

induce TIMP, immune reactions 

Bone induction 

Endothelial ceil 
proliferation, bone 
remodeling, 
angiogenic factors, 
induce MP 

Cell grow tli & 
differentiation 

Cell differentiation, 
induces MP, epidermal 
growth & keratin ization, 
wound healing 

inflammatory & immune 
reactions, bone regulation, 
hematoposesls, induce MP 



Osteoclast act iva f ion, 
inflammatory & immune 
reactions, induces MP 

immune reactions, 

regulation of bone marrow ceils 

Inflammatory & immune 
reactions 



Czech. 1989 
McCarthy et at. 1989 
Mohan and BayUnk, 1991 
Lynch e.t at, 199ia,b 

Woznev etal., 1938 
Mohan and Bayiink, 1991 
Jones etai, 1991 

Wozney et at., 1989 

Globus et at. 1988 
G raves and Cochran , 1 990 
Mohan and Bayiink, .1991 
Canails etal, 1991 



Massuguii. 1990 



Edwards etal. 1987 
Cohen, 1983 



Durum et at, 1985 
Cross and Dexter, 199!. 
Canalis et at, 1991 
Nguyen etal, 1991 

Canal is et.al. 1991 
Paul and Ruddle, 1988 



Robinson and 
Quesenberry , 1 990a , h 

Dejftiippi et at., 1991a,b 



Eta- 1 (OPN] 



Mineralized tissues 
Activated T- lymphocytes 



Host resistance, 
mineral homeostasis 



Butler, 1989 
Patarca et al, 1990 

Rein hoit et at, 1990 

'Pwidea Sere are prTmarylocatiohs andlulnciionsofTytokines as related to implants. Cytokines have 
diverse activities and are associated with several tissues. 

Abbreviat ions! TIMP, tissue inhibitor of metailoproteinases; MP, rnetalloprcteinases; EOF, epidermal 
growth factor; PGF a,b, fibroblast growth factor (acidic/basic); IL's, interleuklns; TNF, tumor necrosis 
factor: TGF-(3. transforming growth factor (5: CSF. colony-stimulating factor; Eta-i (OPN), osteopontln: 
PDGF, platelet -derived growth factor" INF, interferon; BMP- 1, bone rnorphogenie protein 1; IGF, insulin 

growth factor. 
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-.rvrwii cytokines band to extracellular matrix mni- 
ec ul' s uch as pi oteogjycans, which are thought to 
)- 1- io c oil! tt>l o\cr the loi aii,-:cd co-H-entr-ation and 
acnon of. cytokines, 

l.tuwlh f -.ctcis thai bave been associated with 
!•(<])< :n< hale f r.msiomiiug growth iactui B suptr- 
t,-. u • l-iixjir. iT< if-}, arid and ba^ic iibioblasl growth 
i »'t'ti ^FC,r) r]ato>t-denvcdsJtwthioctoi>{PDOF), 
and instjJin-likf wowth factois (IGF 1 and II}. In 
* ! e,. ^ng ''vui< nee suggests thai an important funr- 
l:'.n lot tlic-jf ntnkmcs, which act in concert with 
-Hi j) itihcN. js in the regulation of hone formation 
■ inn h ^otph.-n (Svloimn and flay link. 3991). The 
most \ris'iule of those cytokines, ihe TGFJJ tansiiy. 
is i-iu-odrd with several different genes, among 
u-i i u i i as e t In >se U >i osiech id uctive pi of cms [HMPW 
bcn. morphogenio proteins, including BMP- 3 
I. - .t'-uui-umj] (1 Iriht. I9«r»: Wozney t-f n! , 1988: Kat.' 
and .O'ddi, !988; Sampath cJ 1990, Reddi and 
Guninnghmi, 1990. Hamsun ef uf., i99i). One uf 
th< l'MF v -, BMP-1 appears to he a unique regula 
m;\ molt, ule, not related to the TGF[\ family, ca- 
pable 01 inducing eat hldfe formation i/(nlu> (Wo/ney 
c! ni 5 98^1 The in^ulin-Uke growth factors. IGF-f 
litunu'iiv railed somatomedin CJ and IGF II (for 
•m:i !\ skeletal growth facior). appear to be regulated 
! ) v <k *eol i ■ >pi( inn uioues {Mol sa u dm 1 Bayimk, i 99 i ). 
H.f's ( ae bound to specific binding" ptoteins- hi 
.viuni and otti'-i extrac.eihilat fluids interestingly, 
.me ■>! these binding protein';, BP28 (b,'e-t-d on 
ni'iiteulnr weight), contains an aigmine-glyeine- 
.e-pr'ttie arid (HGU) cell adhesion domain {Czech, 
» {1 891 'Jims. BF28 hound IGf- may hav<. a physi- 
ology! iole ui the regulation of ceil attachment. 
PlatcW denved growth factor (I'DGFj is a dimer of 
i wo gene.-,. Pi KjV A and H, with three f onns exist injf. 

H)GK AA HB. and PDGF AD. Acidic- and 

basic iibrobl ist giowlh factors (FGK a,bj aic nu-in- 
ixr^ of the hopoihi biiidintf growth faciei family 
lifTuJH and ate siroo^ piomotcr.s of blood vi-s^et 
^(■wfii, tn oft'w {ftmher and Foii-anan, 1980). 

< >t lie) < v tolune^ not iouml in iu^h eona:nf ration 
w iioii-'-. but those a-isurrued \edh wound healing 
.e e al^o fiste^ in "sahk i I'hesc include; fa.j epidcr- 
tua! growdi factor (EGF1 mid h ansfornui v« growiii 
Ucun u (TGF-x). which ^hare vtntctural and func- 
tion, J homology, tbi mterF;ukms fiL't,). arkast fight 
of winch have been ir-eognbed a^. having diverse 
a- i ions anci ^tieets on a wide range of cell types: {cJ 
lumoi iii-.-mMP factor <» and 0 fHWo, arc V crj r 
.-.injilar molccxilcs, with simitar activUiet; as i Hated 
i.- indainr.KUion and auti turnor activity (The pri- 
m.u\ soun e ofTNFo is macrophages and of TNF*3 is 
1 -iymphoeyies.], fd} colony-stimub.Ung factors 
f ''Si' s) {'I iifjre aiv ioi n- weji -characterized CSF's chat 
nave -t •■ iA>: in de\olopnK>nt of bone marrow precur- 
cells. fniuhi-CSF flL-3], M-CSF {macrophage" 
PSi'i. G CSF {grannioevte-CSKj, and GM-CSF 
!granu]neEveinaeioT)hage-CSFii:(e)iiiteri"eron y(lNF- 



y], which modulates inflammation and imm-unt 
reaotioas. and if)OPN iKta-1), an adhesion n» let nlr 
first idcnufied in bone, but now a^sociat'-d \^ith 
several other tissues, mnlitdlng the identification of 
fhi^ niojixnde as a cytokine m activated F-iymplnj- 
cytt-o, u'lneh io chteussed in more detail later. forN 
(osiropontiti) has been given reveral n.irncs, which 
include, f 1) 'hi kiiodaRon botiepliospiiopro»r in {^4 
kDa BPP}. based on rriolceular-weight sednneiit^ 
tion eqta'IJ)iiiiiu fPrincc t ind Butler, li-)87, Pnnce ct 
iti, l'J871; {:D oslcopontin, ?uggestiiitf a budging 
potential beiwf-cn <'f'!ls and mineral hone sOtdbf i g cf 
al . 19601, (3) 'Ar-r. a cumur promoter inducible 
protein secreted by mous" JB6 cpidennal cells 
(Smith and Ltonhardt. 1987: Craig >H ai. WSb); { \) 
mouse s'-eteted phosphoprotcm \ {8pph (Fet cf al , 
' 0891; (5) tuin^r-secreted phosphoprotcm, secreted 
by S[)on}aneouoty tran^furaied ceilis, if relat'-d if not 
identic] to OPN {Scngci and JVrtuEzi, 10B5, Senges 
vl al.. 19881. (6} DSP-I. lmno Siaki]jroicia I (Fisher «'.' 
aL 1987): «uid {7} Eta- i (Early T-lympI KH-yt* activa- 
tion gettei. haojcd on its CApiession in activated T- 
lymphocytes (Paiarea et al, 1980; Singh et aL, 
1990).! 

th-owth factois as&oeialcd with hone have been 
evaluated icr their potential use in the ieg«neration 
of hone tissue lost as a consequctiec t>f [Period ontai 
disea.se. Using beagle dogs with naturally ooeui ring 
pcriodouial disease. Lynch vt at. fl991hl Slave re- 
pealed that PlKiF JAB and BB) and IGF- ! in combi- 
nation can enhance periodontal regeneration, for 
thesc stodses, they used a rapidly degradable mefh- 
yiceiluk>se gel foi delivery of these factors. Out 
group. iiKtiig an in vitro pcrindotital cell model 
system, has shown that growth factors and adhe- 
sion molecules, specifically FGFb and ftbumcctm. 
mamuun tht ir !>ioiogieal activity when incoi poi atca 
into a slow-relense. biodegradahie polymer {Vrwey 
et al, 19921. Most recently. Lynch o* al. ( f 99 lb) 
initiated studies to deUrminc whether PIXiF and 
IGF-f hi combination would he valuable for < j nhano- 
iug bone foimation and, ^uhscqutntfs , 
ossenintegiaiiou at implant sites While an atha«- 
tivc concept for iniproying iniplant sites, sufficsent 
intormahon is not yet available to support the value 
of such treatments'. Nevertheless, the use of siow- 
rclease biodegradable polymer .systems, which in 
corporate cytokines and/or other factors, may be 
advantageous for enhancing bonequalitv at implant 
sites. 

Adhesion Molecules 

Adhesion molecules associated with cytokines are 
teviewed, as are adhesion molecules that may be 
loccJL::ed io an implant site. There is increasing 
evidence that such associations ate important for 
signaling ..eils to synthesize or respond to thefe oi 
othf r cxtraeellolar matrix molecules. 

There arc several types* of adhesion molecules 
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interacting wifh specific ligands to promote cell 
attachment (Ruoslahti and" Plerachbachcr. 1937: 
Mvnes. 1987; Sfoolman. 1989: Hemler, 1990; 
Humphries. 1990: Larson and Springer, 1990; 
Aibeida and Buck, 1990: Montcfort arid Holgate, 
1 99 1 ; Milan et al. 1 99 ! : Nathan and Spom, 1 99 1 ). 
These include: (aj the integrin family, which are: 
heterodimers involved in cell -substrata and cell-cell 
adhesion; (bi cell-surface proteoglycans; [cj 
eadberins. c;deiu!n- dependent adhesion; {d} 
selecLins, eel L surface proteins with a lectin domain 
and an EGF-likc module (including the lymphocyte 
horning receptors and endothelial -leukocyte; adhe- 
sion molecule. IvLAsM); (e) the immunoglobulin su- 

perfamily. associated with emhryogenesis; and (f) 
the <;>S-hT>a and 67-kDa membrane proteins that 
bind hyaluronic acid and iainmin, respectively. 

Many of ihe adhesive molecules associated with 
regulation of cell response to cytokines are related to 
the integral family [Tabic 2). The integrin complexes 
are a family of structurally related "heterodimerie 
molecules, having noneovaientiy associated a and fi 
subuniis, that usually bind to arginine-glycine- 
asparfie acid (ROD) sequences present, in many 
adhesive proteins {Hynes. 1987; Ruosiahti and 
Piersehbaeher, 19«7; ARx-ldaand Buck, 1990; Milan 
et al, 199L Hemler. 1990: Larson ajid Springer. 

1990) . initial studies suggested that there were 
three major subuniis, p, , fi.,, and j3 a , i hat completed 
with a specific set obr subuniis. It is now recognized 
thai the integrin family is much more complex, with 
additional « and fi subuniis (Table 2). 

The {3, subfamily is composed (at a mi aim uro) of 
six related t:< mpl»'.X'-s. t\u-h having a common p, 
chain, but a distinct c< chain, each of wliich pn> 
motes different ligand binding specificity. Ligands 
thai: bind to [>, receptors include fibronectin, eolla- 
gtns, and laminin. The p 2 subunit. aJong with 
several related complexes, mediates primarily leu- 
kocyte cell-ceil interactions that arc important to 
normal immune responses and inflammatory cell 
functions (Springer, 1.990; Montefort and HoJgate, 

1991) . Ligands related to this family of receptors 
include endotoxin, fibrinogen, ICAM-1,2, and 
complement cornponen t C3bi. Another subfamily of 
receptors are those eomplexing with (he p 3 subunit 
and include the n fi, receptor expressed by several 
cell types and having several binding ISgartcte {Chercsh 
and Spiro, 1987; Smith and Cheresh. 1988: Pvtela 
ct ai. 1.987; Sauk et al. 1991; Somerman et al, 
1991! and the tlJl/HIu complex expressed by plate- 
lets. The adhesion molecules associated with ^ 
include thrombospondin, vitronectin, fibronectim 
ihe von Willsbrand factor, fibrinogen, OPN, and 
bone siaioprotcin {Charo et al, 1990; Albelda and 
Buck. 1 990). The ot v suburUt complexes with several 
P suhuuits. including fj, (Vogel et al., 199C), ^ 
{Pyteia <?£ al, 1985). p\. {Sonnenberg et al, 198S; 

Cheresh e.t ai. 1989; "Ramaswamv and Hemler, 



TABLE 2 

ADHESION MOLECULES AND CYTOKINES 



fniegrin 


Adhesion Protein 




fL. («.-a 6 . 


Laminin 


TGF-fi 




Collagen 


TNT-a 






IFN-y 






FGFb 






lL"s 


fi in <\ 


ir ^ M . q — — 






^ FiiLl^cn 






G3bi 


TNF - 






If ; s 


tt Ut <* \ 

P-A' a !!f< J 


™~vY{7nne-~Ur7™ 


TGF-p 




ThronXjsponciin 


TNF-« 




ribi inogen 


ifsT-c* 




von Willebrancl fac.tor 


Eia- 1 (?)** 




U.tris (Lvia • 1 ) 












FN 






Laminin (?) 






Vii.fon.cet in 






FN 






FN 


ne 


B r «, 


VCAM 








ne 



"•Cytokines assrsciated with u p- or dowrf-rcgula" 
t ion of adhesion e nolec:iik:.s ( rece pto r and /or 1 Igand.) . 



**OPN (Eta- see text for explanation, 
ne = not established; (?) = not confirmed. 



1990; McLean et uL. 1990), p (Shcpnarci et ai'., 
1990). and p fl (Moyle et al, 199.1). The a B subunit Is 
associated with both fi, (Sormenberg et ai, 1991) 
and p, (Kajiji et al, 1989; Suzuki and Naitoh, 1990}, 
where a proposed ligand for « 6 j3 4 is laminin {Hemler 
et ai., 1989}. The o v (3 n Integiln has been associated 
with the ligand vitronectin. The » 7 subunit is linked 
with both p f and f} 7 , where fi 7 is considered, based on 
structural similarity with p r to be a member of the 
leukocyte cell adhesion molecule subset (Yuan et 
al, 1991; Erie etal, 1991). 

Cytokines and Adhesion Molecules 
There is substantial evidence indicating that 
cytokines affect cell adhesion molecules and that 
adhesion molecules can regulate the cellular ex- 
pression of cytokines (Table 2). For example, TGF£ 
upregulates the fi, receptor on fibroblasts (Heino (?! 
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ij ,f wui ['.(.- J' ro<.epit>i oil tttOiiiK \ ft and the 
l (culm on o.Uonln ,p (Ignot/ >f ^ I38 c l) 
,\L-. > IgM-- ,t. uu^s the pi oduLliou o\ osteoblasts 
oi Oie bou< a-^neijfed adhesion molecule OPN 
( VVi , • ; t it- 1 ' 'i it* f >!) lie'aj}, rfcqi'iii on leukocytes 
c. upiei>u\ti<'<' upon shtmiunon wi(h various sub- 
-.l.u-i- o*=i u'clitdnic jijT.polvscH ohand^s and the 
> ^ohmes ih 1 anc; TNT. This iLCcploi appears iohf 
imp rftfjm to- t"uU'i( adhesion Jo endothelial 
'HI- i Ritual ctri i"r .uku. yif emigtatiou to 
imlamaouor. sjp,-,. >\ho cytokines actuate the 
W'AM 1 <i-!h(M(in inolwuk- |v..m nla <Ml adhesion 
molt euk ndothehal ( ells, and vr<\M-1 hinds to 
•hi ( p i.uej.;;it( .m lymphot yies This mtet action 

< »iu Ltte^ with **nhan< eci binding ot tyrnphnevtes to 
.tetieateu endctln'nl cojK (Elites of at, 19901. 
3otn< cviokmes imbue she lisbue iulnbitoi of 
•n. lailejvt. ni.Kt^inMPl.fjj . rGl v mdlI -fi, while 
j'tiioi-. ci|, PGP and KC\\ ate inducers of 
iiit 'ailosM oiema.--.es (MP) -\ hoio hotrt act [vibes aher 
. < H..diK-10-.fV.VihWai , Pibh) Oi.-F and TNFu 
apneas to pki\ a ink' in decreasing i-xprc-siou ot 
sc\> ( !m icitptors on mf] uijtn.Hory eel is, while in- 
Mf,v-aip. the number of toil suiface ji, intcguns 
fGuilm , ( f f!, ioj(I) Oofshpps vt al (;99ia,h) re- 
ported died f'sf-o iUHilFN induced selective down 
i.'};5daaon ot the ^ ^ reeeptoi mi endothelial cells, 
while fNF* induced e\ptesbii>n of thct-Js, mtcgtm 
on endothelial cells (nun tit** umbilical vein, a cell 
ivpo vAti< h uotmuHy dot s not t n press this fcecptor. 
Usui!, 1 ski", uhrohlasts oud MC< CO osteosarcoma 
>dis <vmfaln aid Jkino (!99?S demons tra ted i hat 
i'"th 1 NKa and Ih i m< tease ihe biosvnitj/ sis of the 
u ; liiii'.iiin submai. &ioi.-u\ei .TGFjSbadanaddihVe 
( tif i on U - 1 mrint od enhanced expression of the 

mf.-gnr. -.iibumi 

Corueisciv. sevetai studies have shown that the 
'Mtaeclhiiai malts:; ran if-gulalc the cellular ex- 
pfei?s!viii o^tnianef I'or cxarripl'". monocyte adlier 
etsof to s<-'rum-e() ited p^nstte induce f'DOI 1 ' (Shaw 
ci id., p)P()f, anti udheietne of macrophages to 
tsP.on, ettn u»ime^< M-CSI' (Tin, reus <.t fit..' jyeV) 
andf^KS i (Kiennan Wd„ If)8^3 1'unhei mote, lite 
eon' ei it ration o! ihe adhesion pnih-in ran drter- 
;ntn'- the rosjxiust, t^i cells iot^okirie^. e.g.. FGFwill 
4 ;r:t>o ptolif^ntti-in ot dihereiitjotton of endothelial 

< eJis, dependmiioii ihv eoncetUration of fihronKClin 

eo'la^en (iruih.-i a.nd FolKrnan, 3 08flj 

As adhesion maleeule and s cytokine 
ih<- -iwawness of the intenciadonsinp between 
t ^ tokir.es and .tdhesion mokifalps and tiie inipor 
■ rue of these m tor at Sons It; cell funeuon havo 
rebuked m tnerf-ased efTorts directed at mipruved 
nnderstanditi^ oi tho Signals < oiitrtillitig the re- 
sponses of ■..eilo to .?uch molecules. An InleiesUni* 
■itoleeiile that tnav prnvi \v sont" elo^s \<j cytokme- 
adlie^ion zmi^l inetlianipras i& 0P\ T OPN, a cell 



ddhejioti pi o ten. hist sdenn'fiLd in bene, bin now 
associated with other lifsttcs as well, t.s a phospho 
rylatcd ^lyeoprotesn containing an KGDceihbiiichnu 
^equr-nce [Old^ers of al , 19»6: rnnec el al , 1987, 
Soincrmaii et al. } 987), In mmei alLied tispufs. OPN 
is express*- d pi ins id nuneraii/afioii, is legitlof ' <.! by 
osteohopi, hoiinoxies, binds to hydroxyapahte, and 
enlianct^ otjieut i<i.sf and ostiohlexst adhesion (iot 
review, see Duller, hJ89„ 1991, SoriKrman ct at , 
1990; Kemholt of ul , 1^90). QVN is also a'-s. 1 Mated 
vviih kidney, pkift ma, neuiosensoiv cells oi t tie ear 
maeropha^es, smooth muscle, hluod, and hurttan 
inilktNomura citi' , 1 98H; S^rmer ot al. l c >89 I'vAa 
oi, ltiSO.IUUlct. 19fil).PataTeactaf.. 199U. Giaeiieij. 
i j / at . 5091) In addition, OPN ts e*prr .ssed sti many 
Uansioitned fibroblasts and epUlielial cells vi liUo 
[Smithantt 1 Jcnhardt, 1 ( >87) and is found at dc\ at^d 
levels in plasma oi patients with metastatic t ,irei- 
noiua {Seiutei ot al, 1988). 

Most tfs'enily, Singh *-f al. (1990} id-ntihci a 
cyiokmt-piodttt edby activated T-lvmphot yes, Kir t 
i (eaily 1 -lymphocyte .n-iivaiiou {*enc). which is now 
reeogni^ed to be OPN, While many other adhi stem 
molecules have cytokine like motifs, the classical 
eytokines/srowth factors arc not considered to b'- 
adhcsioii molecules, bimiiai to othei iymphukines, 
studies on iho acMvily of eta- 1 seen'ted tJY aefivated 
T-iyinphoeyfes jiulicate that, in vitto, eia-1 hiiuls to 
maciuphaj/es, aod m ti«>oadmhustratiOfioi eta- i isi 
mice results m loe>d inlntraLion of inflammatory 
ceils, comprised masnly of macrophages (Singh ri 
at., 1990). To oni knowledge, ritis is the ihM situa- 
tion where i spet ihe aiolecule can he considered 
both a cytokine and tin attachment protein. Studies 
to dare indicate that OPN interacts with the <\f>^ 
integHn receptor on iihroblasfs. to., antibodies to 
w p j block {5l'N-mecUatC'J iibroblast attachment 
{SomctTnan t -i al , ! 990; Sauk cL al , 1 99 1 ): however, 
u .specific receptor tor OPN on fibnihtasfs f ir lymphti 
cytos has yet to be eshibkshed A 90-kDa fibrohlasi 
celhsuriace glycoprotein has b^tiu lfientitlea, Uv 
Oi J N-(. "NBr Sepi iarosc afimity c hromatogrephy, is u 
potential receptor for OPN. and appears to bo disi- 
\ inct from a ; j J > v p., . anti p , mtegnns (Sonicrnian et at., 
1992). It wiil be interesting to determine ihe f-pecific 
pioperties of ilii^ glycoprotein <md to cstabtish 
whether or not a receptor with similar properties is 
present on the ceil surfaces ui activated iyinphu 
cytes. Although the exact iunction of OPN is un 
kuowii, possibilities include a role for the recruiting 
of ceil s to a Ki u 1 of mi nei a ILsat ion, a roie in pi om otton 
of celt riietastasis by adhesive interactions at sec- 
ondary sites, and a role in piotet tion against haott- 
rial infection. 

Adhesion Molecules and implant Surfaces 
The possible loie oi OPN in Initiation of mineraiUa 
tion and its ability, unlike nbtonectin, to promote 

hoih pnnwn' ed] atlachmcni and later stagt-^ oi 
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spreading and adhesion prompted us to examine 
<3ils persistent spreading in more: detail fSornerman 
et al. 1987; Sauk et at.. 1990a.b). The long -term 
plan to to develop synthetic peptides l.hai can be 
usee! clinically for enhancement of attachment of 
reiki at ;-i specific site, implant surfaces. For 
fhese initial studies, dishes coated with OPN, 
iibroneetin, and collagen, or with synthetic peptides 
containing an ROD sequence, were evaluated for 
their ability to enhance attachment and the spread- 
ing of fibroblasts and for their ability to protect ceils 
horn heaf shock. The rationale tor consideration of 
a protective role for these molecules was twofold: (1} 
in viiro exposure of cells to host stress stimulates 
expression of heat -stress proteins fbsps). It is gen- 
erally accepted that cells respond to heat and other 
environ mental stresses, e.g.. cytokines and im- 
mune mediators, by synthesizing a small set of 
stress pruteiits and by inhibiting (he pust -transla- 
tfunal synthesis of normal proteins [Craig and 
Jaeohsen. 1985; Schlesinger, 1986), These proteins 
are thought to have protective roles in traumatic 
situations, such as would be experienced at an 
implant site initially. (2} Data from our laboratories 
as well as others' support the concept that a link 
exists between stress tolerance and adhesion pro- 
teins (Sauk et al, 1 900a. b, ! 99 1 ). Polia ft at. { 1 989} 
noted thai 1 ,25 dihydroxyvitamin D, maintains the 
attachment of monocytes to tissue culture plates 
and bkilogieai matrices, in vitro, enhances the syn- 
thesis of hsps, and protects the ceils from thermal, 
injury. Other studies have shown thai 1.25 
dihydroxyvitamin D„ enhances OPN synthesis by 
hone eel is (Prince et al. 1987), and that hsps 
stimulate synthesis of certain adhesion molecules. 
e.g. ttn-oaibnspnndiu (Ketis et al, 1988). 

Fig. 2 summarizes the results of our studies 
(Sauk et al. 1990a,b, 1991) indicating that ceil 
spreading and attachment correlate- with enhanced 
stress tolerance by fibroblasts. By i .5 h. significant 
attachment of cells to all substrata was observed, 
although attachment, to synthetic peptides was ap- 
proximately 25% of (hat observed for collagen, 
Iibroneetin, or OPN -mediated cell attachment {data 
riol shown; Sauk et al. 1990a). Depicted In Fig. 2 is 
the percent of attached ceils that were spread at 1.5 
h and 24 h, and the survival of ceils exposed to heat 
stress, 43-C for 3 h, at these same time points. 
Tolerance hi stress is maintained by ceils attached 
and spread long-term on substrata coated with type 
1 collagen and OPN, but not in situations where ceil- 
sprcading is not maintained long-term, e.g., 
iibroneetin- and RGD-peptide-coated dishes. These 
results suggest that specific proteins or synthetic 
molecules may prove beneficial for enhancing cell 
attachment and spreading of ceils to artificial de- 
vice-? and thus may enhance the predictability of 
implant -tissue integration. Equally Important for 
implant success is recognition of early signs of 



COM FN OPN COL ABC 
B, 24 h i 



CON FH OPU COL E 



Figure 2. Spreading *nd survival of osteoHgRinerit cells aa 
protein and peptide coated substrata before and after 
exposure ta hcBt fitresa. Open bars represent cell- 
spreading prior to hen I stresin, and hatched bars represent 
survival ftf cells after exposure to 43°C for three h. (A) 1 .£> 
h. {B} 24 ft. Abbreviation?;: CON control, FN = 
fSbrcmectin, OPN = osteopontln, COL ™ collagen. Synthetic 
peptides; A « Hbroneetin, VTGRGDSPAiCj; B = fihroncetiR. 
VTCRCDSPASSKPIIC]; C a ostcopomin, 
P»GRGDS1AYGLR5[KJ; D = vitronectin, 
fiVTRGDVFTMPEDEIKl: E == hone sitiloproteki, 
EnODTYRAVEDEIK] . 



potential failure and subsequent designing of clini- 
cal treatments for early in tervention. 

Feri-issiplantitis 

in 1992. it is estimated that, in the United States' 
population alone, more than 300,000 dental im- 
plants wi!i be placed, and this number Is expected to 
increase even more in the comingyears fWorti ifngton, 
1988). Most titanium implant systems report a 90% 
or greater success rate (Aibrektsson and Senneriy, 
1991). Some of the successful implants can have a 
iess-than-cornplete degree of osseointegration, le., 
buccal or lingual dehiscence. In addition, the num- 
ber of failing implants will present the dental profes- 
sion with a new challenge, the challenge of main- 
taining and restoring these fixtures to function 
(Worthington et al, 1987: Becker et al, 1990a). 
Implant failure appears to be the result of several 
factors; occlusal or parafunetsonaJ forces, prema- 
ture loading, Hi-directed stress (Van Stccnberghe et 
al. .1990; Zarb and Sehmitt, 1990; Branemark. 
1985), and microbial invasion (Becker stai, 1990b: 
Newman and Flemrning, 19S8; Apse, 1988; Brandes 

eial. 1988; Holt ef aU 986: Mombelli etai. 1957; 
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Maniacs. !J!H). thckev.-! . Ii+°it. Regardless ol 
i e.m-e ibf- end tesuh i ho c -nmo p'-ri- 
raipiantiti:- Hie rhnica! pKiuic ei pon-nnplunUtis 
can melodc muscosrsi inflammation, increasing a'- 
uk hm,;ni less. p^ysiOle exposure of a por'ioti oi (lie 
hxHu'e to the oial euvnrinmeni, i ariiogrophic evt- 
cViiee i.f none loss, <md 'oi M)c potential Joss of the 
fixture over lime. 

Implant fixtures must he snEgiouiiy placed nndci 
sterile conuifions m, that ronUmmaUun oi flic fix 
lure sin face can be prt wonted fhe surgery must lie 
as picei^- and as atraumatic as possible, with use 
(>; instruments thai create :i congruent tit withtmt a 
mhI.h f rip t ^- between vi to! bone nw.\ the fixture 
(L nk--sitri i 98 . las Is^on t f «l 1 988- CaudiH and 
Meiii rt ' 'J'J t). Knux ct <-(L { t bM 1 1 dr-mnnstrateu that 
tf ■ space oi 0 5 nun oi nunc txists between the 
implant surface find die n^sfcns wall, the level of 
o-woimcgrati-'n u\ts -^ruiKv.niiy ie.^s than thai 
icimd when tb< fixture was congruent with bone, 
kkafh, ihe fr:ture should be isolated from (he oial 
- ovironment, and loading ot die implant should be 
delayed fur three to six months. 

Once an implant ^ysk-m with the prosthetic 
. ompoiit'nl is functional, and pen-<mplautitis or 
cut? two major pmbioms make the likelihood ot a 
n<'Wos.st,ointegtaUon unpredictable. First, thetech- 
tiitjne'5 tor lesiorattnij ut the fixune surf are in vii)t> 
Cavi tint been developed, and, .second, the tech 
niques needed ibj testoratkm of new hoaiing bone in 
f lose contact \\ lib the kxture have not been refined. 

Presently. r be ■ nilv act epiabte methods of steril- 
izing titanium <ire in inl^o and include high heat, 
ejrett opohVu, "-arid biaslinp. and acid-pickling. The 
highest pero«-niag'- ot bone implant interface was 
observed on sand blasted and a*, id-etched surface? 
iinrge gt it; Hf 'L/HJSOJ (Baser *-t oi., 199\), wifh the 
titanium then stored under a vacuum until ready for 
use. 

Pet oununiuannn of the hxtuie tn uion is pres- 
< ntiy aeeotnph^hed by means of conventional 

penodnraaf iepencrath'*; techniques. Ibese include 
removal of U)'- .iranuLiiinri tissue around the fix 
iup\ d'Jjiidemeutoi thr fixture with an air abrasive 
nroL, and then Ueatmeui of the suifaee with either 
a curie aeui fi>r ihrc mm >.>-. with -s ifirneyeline 
.-■"biuoii for five ram These techniques are accept- 
able Mrtuoth surface preparahnn. but wheUter they 
are adequate foi the titanium surface to be restored 
to h* Sdcai propt rtics need;? turUici irseardi. 

C,e;e repot f 1 * have indicated die usefulness of 
• onv-nhonai periodontal rc^ener alien techniques 
ai the treatment >.it 1" tUm?4 implant?;. After fiNture 
prepaicaion. tin- osseous defects ate usually grafted 
vvith densinerali/^'t! « oi t.eal bone powder, demiaer- 
alt^ed tree'-'e-fh'ied liorte riiid/or tiyitrnxyapatttt? (40- 
GO-nie-hJ tGauiiti.;^ ct <iL. 1989; Lo/ada ct oi.. 
i ; J°t';. Although lhe«" ieeb.niq\tes appear to be 
rHnteally c ai' ces^fnl, Ttuiiimuni tolhtw-up and no 



histology attj nv.iiiable tosupport th<v>e mcUicds to; 
treatment ot peri-impl.tntitis 

Tf^e concept of^uidccl tissue reeeneiatior (OTR) 
by means of a pulvtetrafiuoroethylene (PTFE) nstan- 
brane has been used vvith Implants fBu^ei er a! , 
1990; Zabloisky Pt aU l'd91). The FIFE wns dc- 
siffneti io enhance ifgeiit ration of the lo^t attach- 
ment apparatus of the teeth affeet<-cl with 
perfodnntiltp by exclusion of Hbrobiasl and epithe- 
lial ceil? cluiiug the early stages of wound healing 
(Nymfui et aC 1082; GoLtlow or a'., L0M1 This 
principle has been expanded and applied m a scrtt;^ 
of experimental Mudies for the regeneration of hone 
tissue in different types, of jaw bone defects, as well 
as around dental implants fDahlin ct al, 198t). 
Seibeit and Nymrm, 1990, Becker n ai. 1900aj. in 
as&orjatinnwith dental irap!anf,s. OTR IE laKP/ihab 
been developed and is consider eel tor several treat- 
ments, including {1} rtrigc augmentation and buli.se 
queni placement of a nr-w fixture, and (21 tuatment 
of peri implantltis defects In an already ftsscosnf--- 
grated fixture. 

In animal studies, GTR has been suceesslui in 
ridge augmentation ami subsequent plaeunent of a 
row fixture. Recently, {studies hav- been designed 
fur determination oi "Liu value of G'l R membranes toi 
the irfvitincnLuf implantitis. Singh *>/ al. {10021 htrw 
used i ligdiurc/inchiect! implant itis ?uode.i to ad 
dresy ^ueh issues. Using ronventionnl fixture de- 
cotifaminaiion and E iTFK. they evaluated SEM- 
level histological specimens that demonstrated a 
significant gain in bone height (mean - '2.i3 mml. 
rhci e -^'as, however, only a 3G% zoi ie i )f new osseoii i- 
tegrationatthe base oi thccleieet. and Jheiithert^l'Jo 
of the exposed fixtute had a soft-tissue inteifaee 
between the new bone and the fixture. 

Clearly, additional research is needed in thib 
area. As the number of implants placed men a^es. 
the need for understanding of Uie failure modalities 
is rapidly becoming compelling, l'o respond to this 
need, major research eitorts should include rbe 
following: {!) exploration ot individual predisposi- 
tion to implant failure by identification of factors, 
bath biologiraf and nieehanieai. Uiat piumote the 
failure seen clinically; L2) devciopment of methods 
for early recognition of potential factors which con- 
tribute to implant failure; f,'?l establishment uf dim 
cai proeeduies that would enhance the 
biocompatibility of host with implant materials be 
fore placement of the implants; and (4) nnne poten- 
tial failure is recognized, development of predictable 
techniques for correction of the loss of 
osseoinh.gration. For example, research is needed 
ior i by sever e obstacles to successful osseoint egrat fun 
to be overcome isi instances where the space be- 
tween the impkmt ,mt! bone is fi.o mm or greater 
Our studios, as well as thos" nf cithers, strongly 
suggest that the use of selective growth factors and/ 
or adiicsion molecules, alone or in combination in 
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biodegradable delivery systems with GTR materia is 
may Ik: effeehvc approaches to this new challenge. 
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